ABSTRACT Language and analytic processing are currently thought to be represented in the left hemisphere, whereas spatial and holistic processing would involve primarily the right hemisphere in man. An experimental paradigm for engaging the nonlanguage hemisphere (generally the right) is described. This involves active touch exploration with the index finger to identify the orientation of a ridge with respect to the subject's body. The task is compatible with the electronic averaging of transient event-related cerebral potentials recorded from the intact scalp. A consistent positive electrogenesis of 1-5 4V and about 0.5-1.5 sec in duration was recorded over the nonlanguage hemisphere, regardless of whether the left or the right index finger performed the tactile scanning. The lateralized specific electrogenesis did not extend to the midline, and it is to be differentiated from the decision P300 component.
The two cerebral hemispheres appear to be functionally equivalent in nonhuman primates but present in man a differential specialization such that, for example, language disturbances frequently follow unilateral lesions to the left (but not to the right) hemisphere in right-handed individuals. Because speech is such a salient feature of human culture, this fact led to the view of an absolute superiority of the left hemisphere. This concept of cerebral dominance now appears to be misleading and recent data increasingly document the apparently major role of the right, nonlanguage, hemisphere for several nonverbal cognitive functions, such as the perception of melodies, orientation in extrapersonal space, and the ability to generate a concept of the whole from fragmentary spatial information about objects. Much of the evidence has been provided by clinical observations of patients with unilateral cerebral disease (1) (2) (3) (4) (5) and by studies of patients with a complete surgical section of the interhemispheric connections carried out for the treatment of intractable epileptic seizures (6, 7) . For example, because the afferent pathways for somatic sensation are anatomically crossed, the sensory signals from one hand only reach the hemisphere on the other side in a split-brain patient in whom the discrimination of tactile shapes is found to be performed much better for the left hand (connected to the right hemisphere) than for the right hand (8, 9) .
This type of data is giving new vigor to the analysis of higher
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. hemisphere, which is involved in the higher perceptual processing relevant to a given task, should result in a performance superior to the one recorded when the same stimuli are first projected to the receiving areas of the opposite hemisphere. These psychological experiments have produced data, with statistical differencesin the expected direction, for either verbal or nonverbal material, but the effects were quite small (5). This approach does not appear to provide a versatile method for resolving pending questions.
An alternative approach for acquiring pertinent data in intact man would become available if the electrical signs of focal processing in either hemisphere could be recorded during perceptual behaviors likely to require their special capabilities. It is well known that discrete sensory stimulation evokes in the human brain electrical responses of only a few microvolts, which can be recorded by electrodes on the scalp and then extracted from background noise by electronic averaging. In subjects performing a selective attention task about simple stimuli, the sensory signals, which resolve the subject's uncertainty and thereby allow him to make a definite perceptual decision, will elicit a large positive component (P300) of about 300-msec peak latency; this component is related not to the physical characteristics of the sensory stimuli but to cerebral processing functions (11) (12) (13) (14) (15) . The P300 is maximal over the parietal scalp (14) but is distributed equally on both sides of the brain (15) . This is not surprising, because the electrical stimulation of nerves or skin and the other stimuli used in previous studies do not provide a behaviorally meaningful input that would require any special processing in, say, the right hemiAbbreviation: P300, a positive component of about 300-msec peak latency related to cerebral processing functions.
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Medical Sciences: Desmedt sphere. On the other hand, current attempts to engage the left hemisphere by presenting language material, such as syllables, have achieved variable success, and significant data are only beginning to emerge (16) . One difficulty is that sensory features discrete in time must be presented to elicit phasic cerebral event-related potentials and such stimuli may fail to capture the subject's interest and become trivial after the many repetitions required for accumulating sufficient response samples in the average record.
The present paper describes unexpectedly clear results along this line for nonverbal material that was thought likely to engage the right hemisphere capabilities for spatial exploration. The paradigm uses tactile scanning, which is a natural process for acquiring at fingertips a pattern of skin stimulations, whereby the texture, size, and shape of an object can be perceived (17) . Special instrumentation has been designed to make the active touch input fairly reproducible but still interesting for the subject and to confine it to a brief and identifiable period, which can provide an accurate time reference for the coherent electronic averaging of the concomitant event-related potentials.
MATERIALS AND METHODS
After preliminary trials with earlier prototypes, 10 experiments were carried out with six adult subjects (scientific staff, medical students, and the author) who were highly motivated to perform the task correctly. The subjects could relax to minimize interferences from eyeblinks and muscle potentials and they did not have excess background a waves in the electroencephalogram. These subjects were definitely right-handed as tested by the Edinburgh inventory (18) . In two subjects (one illustrated by Fig. 1 (Fig. 1B) (Fig. 1A) . Comparison of event-related potentials during active touch of either the ridge gap (thicker trace) or a smooth surface showed no significant difference at the left hemisphere (Fig. iC) but large positivity for the ridge gap at the right hemisphere (Fig. 1E) . When the same samples of brain potentials were averaged in the addsubtract mode ( Fig. ID and F) , whereby each successive sample is in turn added or subtracted by the computer to eliminate the response temporally related to the sensory event (22) , the remaining contribution of nonresponse background was obtained and this also was flat and similar for ridge or smooth surface palpation. This add-subtract check showed that changes in the background electroencephalogram could not explain the phenomenon thus recorded in Fig. 1E . In addition, when the same subject performed the same active touch task with the left index finger instead of the right, a similar positivity was recorded over the right hemisphere. The phenomenon was thus associated with the nonlanguage hemisphere, not with the hand used in active touch, and it must be distinguished from the (contralateral) motor potentials (23, 24) 
DISCUSSION
The cerebral hemispheres of man include neuron assemblies with special capabilities for handling complex information but the lateralization is not absolute and integration of the hemispheric subsystems is required to produce a smooth, efficient course of behavior. Furthermore, if the class of information considered (language, music, spatial orientation, etc.) influences the preferential routing of signals between hemispheres, the segregation is unlikely to be rigid and an additional criterion Active touch based on the kinds of processing required (analytical versus holistic) may affect the distribution of processing tasks. For example, whereas melody perception would be lateralized to the right when treated holistically (as in musically naive persons), it would also partially involve the left hemisphere in sophisticated listeners who analyze the music into sets of relationships between its components (cf. 10). These interactions and the dynamic balance of assignments between hemispheres should be studied in intact man, in whom commissural integration is possible. The cerebral event-related potentials would Medical Sciences: Desmedt acquire a considerable pertinence for adding to the available clinical and psychological evidence, if appropriate experimental designs could engage unique processor subsystems and elicit measurable focal electrogenesis from them. The extraction of the (small) transient brain potentials by electronic averaging requires (i) the presentation of large numbers of similar target stimuli and (ii) the use of rather brief stimuli occurring at a definite point in time. This represents a challenge for the analysis of cognitive functions because, for example, the repeated presentation of simple isolated stimuli like syllables (ba, pa, etc.) is unlikely to engage the language processor as consistently as conversation. Some recent experiments on selective attention successfully involved special cognitive subsystems by presenting simple stimuli at high rate in forced paced tasks, thus imposing a constraint on the subject's use of his processing resources (15, 25, 26) .
The present experiments successfully resolved several difficulties and succeeded in engaging the spatial orientation processor by a natural active touch task carried out leisurely at intervals of about 10 sec. The active touch behavior occurred at a well-defined point in time, thus allowing coherent averaging of transient brain potentials. The subjects found themselves quite interested in relating the ridge gap to their own body orientation. At this stage, they were asked not to use verbal labels so as to minimize intervention of the language processor. Introspection suggests that closure of the orientation problem is achieved in about 1 sec. The active touch paradigm elicited a consistent and prolonged positive electrogenesis over the right parietal cortex in right-handed subjects and over the left parietal cortex in one left-handed subject with language represented on the right side, regardless of whether the right or left hand performed the tactile scanning. The positivity is not recorded at the midline vertex and its topographical features on the scalp clearly differentiate it from the well-known P300 decision component (Fig. 2) . The P300, which presumably indexes the completion of a perceptual decision and the clearance of the information channel, is symmetrical and widely distributed over the posterior scalp. By contrast, the active touch-specific electrogenesis appears to be related to more focalized and discrete lateral generators, which do not extend to the midline under the conditions of these experiments. It should be pointed out that the experiments of Fig. 2 serve to illustrate these different topographies in the same paradigm. However, this should not be taken to imply that the double stimulation of Fig. 2 would be required for bringing out the active touch phenomenon. The latter can indeed be elicited with no sensory stimulation either before or after the tactile scanning and it does not depend on expectancy effects or on motor responding.
The finding that the prolonged positive electrogenesis is roughly concomitant with the processing of the active touch behavior and that it is consistently located in the nonlanguage hemisphere, whichever hand is used for acquiring the tactile cues, is probably the strongest evidence to date for the view that transient event-related potentials can indeed index the detailed operations of specific cerebral processor functions.
